The present work aims at an auditory-visual subjective assessment of room acoustics quality. The influence of vision on auditory apparent distance was studied in a semantic absolute paradigm involving a simulation procedure with two independently controlled sound and visual artificial environments. 3-D conventional slides projection was used for vision while the sound stimuli were generated by a virtual room acoustics processor and were diffused in binaural format. The results show an enhancement of the auditory distance judgements with the depth of the visual stimulus. This trend seems to increase as the test proceeds giving rise to the hypothesis of a training effect. In order to validate these results two more experiments are currently being designed.
Introduction
Various studies in subjective room acoustics prove that there exists a limited number of perceptual factors on which the auditors judge the acoustic quality of auditoria. These factors may be related to a number of objective indices measured on the room response [1] [2] . A body of evidence suggests that the perceptual modalities of vision and audition are not two independent processes functioning in isolation, but they co-operate and influence one another in a complex relationship. The strength or even the actual appearance of interactions depends on the physical and cognitive compatibility between auditory and visual stimuli [3] [4] [5] [6] . Visual information available to listenersspectators in concert-halls is therefore likely to interfere in the evaluation process of the acoustical quality. This seems particularly true for spatial subjective attributes of sound as is the apparent auditory distance. The work aims to study sensory interactions between auditory and visual perceptions in an attempt first to evaluate their impact on the subjective characterisation of room acoustics and second to refine the correlations between objective and perceptual parameters by taking into account visual information. A parallel aim is to discuss a methodology appropriate for testing audiovisual interactions in real or artificial environments. The paper describes three experiments designed to examine the influence of the visually perceived distance to a sound source in a concert hall on the apparent auditory distance. Results of the first experiment are presented here. In order to simulate the sound and visual conditions of a concert hall two independently controlled sound and visual artificial environments were created. They provide varying impressions of visual and auditory distances respectively. The visual environment is created by 3-D pictures obtained by the light polarisation method. They are large pictures (size = 175x115cm) projected from the rear on a screen in dark conditions. They are taken in a real concert hall at seating positions increasingly distant from the stage; they show a loudspeaker positioned at the center of the stage. The sound field, is created by the "Spatialisateur" a virtual room acoustics processor developed by Ircam & Espaces Nouveaux (France) [7] [8] . The "Spatialisateur" can simulate the localisation of sound sources together with the room effect for arbitrary source and receiver positions. Although the signals are usually processed in real time, in the present experiment they have been processed and then recorded on a DAT tape. When the Spatialisateur is set-up for head-phones listening, it uses binaural technique in order to render 3-D sound effects. The six auditory stimuli used here, are obtained by the processing of an anechoic signal -a song of S.Vega-with six different settings of the Spatialisateur. These settings are either derived from an analysis/synthesis of the actual acoustical quality of the room presented on the screen or from arbitrary configurations chosen to drive the auditory apparent distance on the base of psycho-acoustic results.
Procedure
The subjects are seated in real concert hall seats at a distance of 1,6m from the projection screen, within the test chamber. They are asked to judge the apparent auditory distance of the stimuli presented to them and answer orally using a numeric scale from 0 to 9 (0 denotes the shortest auditory impression while 9 the most distant). The two extreme stimuli A1 and A6 are In visual conditions 2 and 3 subjects are asked to try to imagine themselves in the hall shown in the pictures but still to judge the apparent auditory distance.
Each one of the three tests consists of three iterations of the six stimuli. The order of presentation of the stimuli within each iteration and within the global test were varied. All subjects participate to the auditory unimodal test first, in order to help clarify to them that the test is auditory and to serve as a training session for the other conditions.
Results/Discussion
Mean values and standard deviations of the answers obtained for the three visual conditions are presented in Table 1 . Figure 1 shows the graphical representation while the differences between the visual conditions are presented in Table 2 Table 2 Table 2 are positive). A three-way repeated measures analysis of variance (ANOVA) was performed on the answers of the subjects. ANOVA permits to decompose the total variance of a dependent variable into partial contributions due each to a predetermined experimental factor as well as to statistical interactions among them. Apparent auditory distance was the dependent variable, Sound Stimuli, Visual Conditions, and Iteration were the 3 factors. As the tests proceed subjects seem to be more influenced by the visual distance of the loudspeaker and/or the depth of the visual image. Auditory distance judgements tend to be lower when the loudspeaker is seen close (visual condition 2) and higher when it is seen distant (visual condition 3). At the same time subjects become more consistent in their answers ; the variability between subjects drops in the third iteration. This gives rise to a training hypothesis that is : during the experiments that last 30 to 45 min, the subjects become familiar with the test conditions, possibly associate more easily sound and image and tend to be influenced by the visual stimulus. Indeed, two of them reported spontaneously that towards the end of the experiments they could imagine themselves more easily in the room shown in the pictures. The differences between visual conditions 1 and 2, and between visual conditions 1 and 3 suggest that the presence of a 3-D picture enhances the perception of the apparent auditory distance. The visual stimulation seems to provide a spatial framework of reference for the auditory space. The results seem consistent with a number of findings from the domain of experimental psychology [9] [10] concerning an improvement of the sound localisation performance in the presence of vision. These studies come to the conclusion that vision serves to organise auditory space and/or helps to retain spatial auditory memory. It is possible that the visual image helps to exteriorise the auditory image, which traditionally is considered to be restrained and localised at the head area when head-phones are used. 
Conclusions
A highly controlled experimental procedure was designed to test audio-visual interactions in complex environments. It reveals a small offset type influence of the visually perceived distance on the apparent auditory source distance. This effect is significant only for the third and last iteration of the sound stimuli, indicating that, as they get familiar with the test conditions, subjects associate more easily sound and image. Furthermore the significant auditory distance differences between the unimodal test and the bimodal ones seem to support findings of the Experimental Psychology concerning the facilitation of auditory localisation tasks in the presence of vision.
For this purpose, new experiments with further controlled sound stimuli and transaural sound reproduction are designed and should be able to answer questions arising from the present results.
